Foot pad dermatitis (FPD) is a widespread disease in poultry and important for economic and animal welfare reasons. It is well recognized that using non-starch polysaccharide (NSP)-degrading enzymes can affect excreta/litter quality (not only in terms of moisture content but also regarding water evaporation) at high stocking densities and might help to prevent FPD and further negative effects of NSP. This study aimed to evaluate effects of a carbohydrase complex (CC) in different dietary inclusion rates on performance, digesta viscosity and foot pad health in broilers from 9 to 37 days of life. In total, 240 broilers were divided into 12 floor pens of 20 birds and received one of four different experimental diets. The four wheat-and soyabean meal-based diets only differed in the inclusion rate of CC: 0%, 50%, 100% and 500% of the recommended dose of CC (Endo-1,4-ß-xylanase and Endo-1,3(4)-ß-glucanase; 50 g/t). The addition of CC led to a significant decrease of digesta viscosity in the proximal small intestine, a tendency of improved feed conversion ratio, and significantly favoured FPD-scores (Treatment 2). At the higher tested inclusion rate of CC (500% of recommended dose), the FPD score was worser than in the treatments with 50% and 100% of the recommended enzyme dosage. No improvements among treatments were observed in terms of body weight and dry matter content of excreta and litter at the end of trial. The low positive effects on foot pad health in this study were presumably associated with the low NSP content in the experimental diets (soluble arabinoxylans: 7.38 g/kg as fed). In conclusion, the addition of the evaluated CC reduced digesta viscosity. An improvement of foot pad health could only be seen in the treatment with 50% of the recommended enzyme dosage in the diet.
Introduction
Nowadays, it is common to use non-starch polysaccharide (NSP)-degrading enzymes in poultry diets especially because of described beneficial effects on nutrient use efficiency and subsequently improved performance parameters (Hesselman and Aman, 1986; Dusel et al., 1998; Choct et al., 1999; Bedford, 2000; Gonz alez-Ortiz et al., 2015) . Furthermore, the literature reports an improvement of excreta and litter quality of poultry when carbohydrase complex (CC) are added in the feed (Hesselman et al., 1981; Pettersson and Aman, 1988; Shirzadi et al., 2009) .
Foot pad dermatitis (FPD) is especially caused by wet litter (Kamphues et al., 2011) and represents a widespread problem in poultry production, as it concerns economic aspects, but also animal health and welfare (Kamphues et al., 2011) . Diverse, including dietary, approaches are needed to solve the problem of FPD.
Therefore, this study focussed the question whether a dietary CC might alter the dry matter content of excreta and of litter and thereby could also influence the prevalence and grade of FPD in broilers.
Materials and method
In November 2014, 240 broilers (Ross 708) of both sexes were obtained from a conventional hatchery. In the first week of life, all animals were housed under identical husbandry conditions. Water for drinking and a commercial starter diet (containing narasin and nicarbacin) were available ad libitum, and the litter (wood shavings: GOLDSPAN, Goldspan GmbH & KG, Goldenstedt, Germany) was partially exchanged each day, so that it was kept very dry. Consequently, early foot pad alterations within the 1st week were prevented.
On the 9th day of life, all animals were divided randomly into 12 pens a 20 birds. All boxes for the 12 pens (dimensions: 100 9 150 cm) were littered with wood shavings (1 kg/m 2 ). From this day onwards, the animals received one of four different experimental diets (three pens always received one diet, and these three pens were divided up in different parts of the experimental room, to prevent position effects), and drinking water was available all the time.
All diets were based on 64% wheat, 30% soyabean meal, 2% soybean oil and 4% of a premix containing minerals and vitamins. The diets differed in the addition of CC (commercial product: endo-1,4-b-Xylanase and endo-1,3(4)-b-Glucanase). Animals of Treatment 1 (it means: all three subgroups) received a diet without CC, whereas broilers of Treatment 2, Treatment 3 and Treatment 4 were fed with diets containing, respectively, 50%, 100% and 500% of the recommended enzyme inclusion rate (50 g/t).
In Table 1 , the chemical composition of the four diets is presented. The contents of crude protein, energy and minerals were almost identical in the four diets, whereas the xylanase activity (enzymes added before pelleting) differed as intended because of the enzyme addition. Arabinoxylan content (total and soluble) was only analysed in the diet of Treatment 1 (Laboratory: Landwirtschaftliche Fakult€ at, Halle an der Saale, Germany; method acc. to Dusel et al., 1997) . Xylanase activity was analysed according to EC 3.2.1.8 (Laboratory: Adisseo-Laboratoire CARAT, Commentry, France).
The consumption of water and feed on group basis was measured daily. Once a week, all animals were weighed individually and the foot pads were monitored according to the scoring system of Mayne et al. (2007, modified) . This scoring system includes eight levels (0-7), whereby score 0 describes a foot pad without any alterations, scores 1 and 2 characterize swelling, redness and hyperkeratosis, and from score 3 onwards, necroses are qualified by their size. Score 7 pictures a foot pad with necrosis over half of the area. Besides, pooled samples of excreta and litter were taken of each subgroup weekly, to determine the DM content (drying at 103°C). To achieve representative samples, the litter was punched out with a plastic cup (Ø 6 cm) on four defined localizations in each pen and the resulting material was mixed and passed to the laboratory for analyses. Excreta samples were collected by covering the litter with a plastic plane from 9.00 to 10.00 o'clock. The excreta of all animals could be collected during this period without contaminations.
On day 37, four randomly chosen animals out of each subgroup were slaughtered to analyse the viscosity of the digesta in the proximal small intestine (Brookfield DV II+ Viscometer with a CP 40 cone and a share rate of 10 RPM; method according to Bedford and Classen, 1992) .
Statistical analyses were performed using the SAS â software (Cary, NC, USA). Individuals which were fed the same diet were seen as statistical units regarding foot pad scores and digesta viscosity (it means: 
Results
All animals showed an undisturbed general condition over the whole experimental time. Three of the 240 animals died because of cardiovascular failure.
Feed and water consumption
Numerically, animals of Treatment 1 had the highest feed consumption (3154 g AE 150 per animal, days 9-35), followed by animals of Treatment 2 (3049 g AE 24.8 per animal, days 9-35), Treatment 3 (2968 g AE 100 per animal, days 9-35) and Treatment 4 (2968 g AE 33.1 per animal, days 9-35). The relation of water: feed consumption did not reveal any statistical differences (data not shown).
Performance parameters
Animals of Treatment 1 (2252 g AE 223) had a higher mean body mass than animals of Treatment 2 (2212 g AE 233), Treatment 3 (2195 g AE 367) and Treatment 4 (2141 g AE 255) at the end of the trial. The feed conversion ratio was lowest in Treatment 3 (1.49 AE 0.032), followed by Treatment 2, Treatment 4
and Treatment 1 (1.52 AE 0.021/1.53 AE 0.034/ 1.54 AE 0.011).
Excreta and litter moisture and foot pad health
At the end of the trial, there were no statistically significant differences between the four treatments regarding the DM contents of excreta and of litter. But, in Treatment 2, there was the numerically highest DM content of the litter at each sampling ( Table 2) . Regarding the foot pad health, animals of Treatment 2 (50% of recommended enzyme inclusion rate) always showed at least numerically and often the statistically significant lowest (= most favourable) mean values of foot pad scores (Table 3) .
Digesta viscosity
After slaughtering, digesta of the proximal small intestine was taken and analysed regarding viscosity. With increasing dietary NSP-degrading enzyme levels, the viscosity in the digesta was decreased markedly and dose dependant (Fig. 1) .
Discussion
The addition of CC in broilers' diets did not show a dose-related effect on the chosen parameters, except on digesta viscosity (Fig. 1) . A reduction of the viscosity is explained by splitting of big molecules which are binding water in smaller fractions (Bedford, 1995) . But, other effects which were described by some authors (Smits and Annison, 1996: e.g. improved body weight gains) could not be illustrated in this study. This is probably due to the relatively low content of NSPs in the diet, as it is shown by the arabinoxylan content of 45.1 g/kg (Table 1) . In a study of Dusel et al. (1998) , a xylanase addition to a diet for broilers only had positive effects on body weight gain, when wheat batches with high arabinoxylan contents (58 AE 0.03 g/kg DM vs. 48 AE 0.10 g/kg DM) were used.
In this study, at almost identical water-feed ratios, the viscosity of the digesta in the small intestine differed in a dose-dependant way, as expected and observed by many authors. Of special interest in this study was the question whether changes in the digesta viscosity are combined/associated with changes in the DM content of excreta, due to changes in water evaporation. It seems (Table 2) that with higher inclusion rates of enzymes, the DM contents of excreta decrease, which might be caused by a faster passage of the digesta (less time for reabsorption of water in the distal alimentary tract).
At the end of the trial, the lowest scores of FPD (= most favourable) were found in animals of Treatment 2 (50% of recommended enzyme inclusion rate) whereas the highest values occurred in Group 4 (500% of recommended inclusion rate). The DM contents of the 'final litter' were also lowest in Treatment 4, indicating that drying properties of excreta and litter were associated to the addition of enzymes. Thus, the question arises whether the water binding capacity of excreta might depend on the chemical composition of the excreted NSPs. The faster the drying process of excreta (representing more than 95% of the entire 'final litter'), the higher the DM contents of the final litter should be found. Thus, at an almost comparable chemical composition of the four diets, the different DM contents of the final litter might reflect changes in the fraction of NSPs. Maybe monomers of splitted polysaccharides have a higher water binding capacity than the native polymers.
This demonstrates-in accordance with other studies (e.g. Dunlop et al., 2015) -that the water evaporation of litter as well as of excreta has to be considered carefully, especially because of missing other influencing factors in this study (e.g. position effects, differences in feed composition/stickiness of excreta/ animals' behaviour). In a further study of Weiß (2015) , the water losses of excreta from broilers were compared when animals were fed diets with or without the recommended dose of CC. For this, 10 g of fresh excreta was dried at 50°C in a drying cabinet for 4 h. Feeding a finely ground diet, excreta of animals which were fed a diet without enzyme addition always had higher water losses after 4 h. However, all diets fed in the mentioned study also had relatively low NSP contents, so that effects were not pronounced enough to assure results statistically.
A reduced viscosity of the digesta should result in a favoured feed intake, as it was hypothesized repeatedly (e.g. Lattemann, 2000; Ghorbani et al., 2009) , presumably due to a faster passage of the digesta, but on the other hand, it could also result in a slightly reduced reabsorption of water in the hindgut (lower DM content of excreta). As long as the drying properties of excreta are not altered, higher amounts of water should be released due to evaporation. When there is a higher water binding capacity within the excreta, the drying process should be delayed with undesired consequences on litter moisture. Maybe potential dietary effects on drying properties of excreta are worth mentioning by nutritionists because of means within a line with no common superscript are significantly different (p < 0.05). the relevance of this aspect for the litter quality. Besides the NSPs, the dietary surplus of diverse nutrients like minerals might earn more attention whenever 'poor litter quality' is on debate.
Furthermore, as it is not common to analyse the NSP content of a diet in practice, the general addition of CC might be justified to prevent appealed disadvantages when batches of cereals with high NSP contents are used, as Kluge and Dusel (2004) 
